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Abstract 

We predict a possibility of triplet Cooper pairing in a Fermi-gas of neutral particles in a confined geometry 
of magnetic traps at ultra-low temperatures. We evaluate a superfluid transition temperature and analyze the 
difference between pairing in free space and in confined geometry. We also consider in details a case of fermionic 6 Li. 
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One of the most important events of the past 
several years in condensed matter physics was 
the discovery of Bosc-Einstein condensation of 
the alkali elements 87 Rb [1], 7 Li [2] and 23 Na [3] 
in confined geometry of magnetooptical traps. In 
the present paper we consider the fundamental 
possibility of achieving superfluid instability of 
a different type — with respect to Cooper pair 
formation in a non-ideal atomic Fermi-gas with a 
large scattering length. We shall consider both the 
case of an attractive scattering length a < (for 
6 Li a = -2.3 • 10 3 A < [4]) and a repulsive case 
a > 0. 

We consider a multi-component Fermi-gas [5] 
with short range interaction and equal mases of 
each component. For a Fermi-gas in a magnetic 
trap each component has a hyperfine origin and 
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corresponds to different Jj-projection of nuclear 
spin J. Hence the number of the components v = 
2 J + 1. Note that for 6 Li J = 1 and thus v = 3. 

For an attractive scattering length a < the 
pairing occurs in the s-wave channel (I — 0) [6]. 
According to the Pauli principle, Cooper pairs in 
this case can only be formed by the atoms which 
are in different hyperfine states. Therefore the crit- 
ical temperature T c of the transition is very sensi- 
tive to the difference in the concentrations of the 
two hyperfine components. When the densities are 
identically equal, the standard BCS mechanism of 
Cooper pairing yields [6] : 



T c0 = 0.28e F exp (-A" 



(1) 



where A = 2a\pp\/^ is the gas parameter. 

However, already for An/n > T c q/ef the s-wave 
pairing is completely suppressed. For 6 Li one has 
T c rj ks 30 nK for an atom density n — 4-10~ 12 cm~ 3 
[6] and the existence of s-wave pairing requires [7] 
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An/n < 3 • 1(T 2 . 

For positive scattering length (a > 0) the s- 
wave pairing is completely impossible. However, 
even in this case Fermi gas becomes superfluid at 
a low enough temperatures due to Kohn-Luttinger 
mechanism of Cooper pairing [8] . This mechanism 
gives rise to an unconventional p-wave pairing, 
analogous to Ai phase of superfluid 3 He [5] (1 = 1, 
J\ z = J2 Z ). The Pauli principle in this case allows 
us to have Cooper pairs formed by two particles 
that are in the same hyperfine states, whereas the 
particles in other hyperfine states participate only 
in the formation of the effective pairing interac- 
tion. To be more specific, the effective interaction 
is given by a sum of loop diagrams 



VM = (-i) (^) X>^i)> 



(2) 



where 



njj(gi) 



/ 



d 3 p n (p) - Ti 3 (p + gi) 
(2tt 3 ) e j (p)-e j (p + q 1 ) 



is the polarization operator for the j-th compo- 
nent. When the densities of the v components are 
close to each other n\ w 712 ~ . . . ~ n v , the critical 
temperature of p-pairing is the same for each com- 
ponent and does not depend upon the sign of a: 



d ~ £fi exp 



{ (--1)A?} 



(3) 



where Ai = 2appi/ir. 

For 6 Li the p-wave critical temperature T c \ ~ 
10~ 8 K for densities n\ w n 2 ~ n 3 <~ 10 13 cm -3 ad- 
justed with the accuracy An/n ~ 0.1. To increase 
the p-wave critical temperature further we must ex- 
ploit a strongly non-monotonic dependence of T c \ 
upon the density ratio ni/rij. In paper [5] it was 
predicted that this dependence has a pronounced 
and extended maximum at m/nj « 3 (pFi/pFj ~ 
1.4). In an optimal situation when n\ ~ 3n 2 ~ 
. . . w 3n„ a critical temperature of the component 
1 reads: 



Tci = £fi exp <^ - 



(v 



1)A 2 



off 



(4) 



where A 2 ff = (2a/ it) 2 pFiPFj- 

For 6 Li this formula yields T cl - 10~ 7 K for 
n\ <~ 10 14 cm -3 . Note that even for these high 
densities A ff < 1 and we can still satisfy stability 
conditions for an attractive case. 

All our results are obtained in a spatially homo- 
geneous situation. In a confined geometry of a mag- 
netic trap we must satisfy a condition £ < R EF . 
This condition means that the size of Cooper pair 
£ = Tivf /T c is much smaller than the characteristic 
size of a trap. For a parabolic trap [7] R EF = u^/fl, 
where f2 is a level spacing. Hence, our results are 
valid in a semi-classical limit where < T c < ep. 
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